Null models have had a long and contentious history in community ecology (Connor and Simberloff 1979 , Harvey et al. 1983 , Gotelli and Graves 1996 , Graves and Rahbek 2005 . Much of this debate has arisen because multiple strategies for null models can be used to address a particular question of interest, and the present exchange is no exception. To assess constancy in species richness through time in a desert rodent community, Nichols et al. (2006) have proposed a Markov Chain model as an alternative to the random-walk model we developed (Goheen et al. 2005) . While both null models simulate stochastic local extinction and colonization of species from a regional pool, our objectives differ substantially from those of Nichols et al. in ways that influence the choice of models and interpretation of results.
It is critical to reiterate the questions motivating our original analyses in Goheen et al. (2005) . First and foremost, we were interested in determining whether local richness is, in fact, regulated through time; i.e., Is an equilibrium for species richness maintained at our study site near Portal, Arizona? Second, once such an equilibrium has been demonstrated, how strong are the forces that restore the equilibrium when richness is displaced from the long-term average? Finally, what are the processes generating the restoring force? We used our null model to test the first two questions, and then we drew upon independent information from 30 years of research at our site, combined with the results of our null model, to infer the mechanism. As such, the content of the comment by Nichols et al. stems from a misunderstanding of the pattern that our null model was designed to evaluate. Given the confusion on this issue, we appreciate the opportunity to clarify the rationale behind our study and the basis for our conclusions.
Differences between the two null models
Our main goal was to test for the presence of an equilibrium in local species richness. In an equilibrial community, dynamics of species richness should exhibit more constrained variance about the long-term mean than expected under a random walk. Consequently, we tested for an equilibrium by (1) demonstrating no trend in the time series, which also has been shown in three previous publications ; and (2) incorporating observed community-wide rates of colonization and extinction into a null model that simulates a randomwalk process to determine if the observed variance in species richness is significantly less than expected by chance (Goheen et al. 2005) . Having demonstrated the presence of an equilibrium, the next step was to quantify the magnitude of the restoring force. We did this using the tunable parameter c (see also Kelt et al. 1995) . This parameter quantifies the tendency for richness to return toward the long-term mean at time tþ1, given that it deviates from the long-term mean at time t. By comparing the variability produced by random-walk simulations under different values of c to the observed variability in species richness, we are able to quantify the strength of regulation of local richness. The value of c implies nothing about the particular process or combination of processes that generate the restoring force. Thus our null model performs as intended: it tests for an equilibrium in species richness and quantifies the magnitude of the force maintaining this equilibrium.
By itself, our null model does not test the underlying mechanism responsible for restoring the local equilibrium. We combined independent information from previous studies at Portal (see the second paragraph of the Discussion in Goheen et al. 2005) with the fact that the restoring force appeared to act primarily within the granivore guild (Goheen et al. 2005) to infer that local interspecific competition and niche complementarity among species in the regional pool are primarily responsible for the compensatory colonization and extinction events that maintain the species equilibrium (''[this] support[s] the hypothesis that compensation occurs largely within guilds, so that competition for resources plays a significant role in regulating species richness through time;' ' Goheen et al. 2005 :570, emphasis added). We tried to make this point transparent in our original paper, but we have expanded upon it in the final section of this response.
Alternatively, the null model of Nichols et al. was constructed to discern whether an observed equilibrium arises purely from the independent stochastic colonizations and extinctions of individual species. As such, it does not test for the presence of a community equilibrium per se, nor does it quantify the magnitude of the force maintaining the equilibrium. Nichols et al. used their Markov model to address whether an alternative mechanism (stochastic species-level colonization and extinction events) could account for the observed equilibrium in species richness. Thus our model establishes the presence of an equilibrium, while theirs attempts to determine the processes that generate the equilibrium. Therefore, our model and the model of Nichols et al. are not competing alternatives, but rather ask different and complementary questions.
In particular, two uses of terminology require further attention. First, we used constant community-wide rates of colonization and extinction rather than the constant per-species probabilities used by Nichols et al. noted a similar distinction when commenting on Diamond's (1969) interpretation of relative turnover of island birds (J. Nichols, personal communication). We acknowledge a confusing, but not inaccurate, use of the term ''probability'' in Goheen et al. (2005) that probably contributed to this misunderstanding. Second, we used ''compensation'' to reflect one or more processes responsible for maintaining species richness about some equilibrium (i.e., processes that change the net community rates of colonization and extinction) as opposed to processes responsible for changing the per-species probabilities. We believe the primary processes underlying this type of compensation are interspecific competition and niche complementarity (see Interspecific competition does drive colonization-extinction dynamics at Portal). However, the more passive changes in these rates suggested by Nichols et al. probably also contribute to the stabilization of richness to some degree. As our use of the term com-pensation has the potential to cause confusion, we have focused in this article on using the term ''equilibrium.'' Cautionary notes on the null model of Nichols et al.
The goal of Nichols et al. is an important one: to determine whether processes other than stochastic species-level colonization and extinction (i.e., the processes proposed in island biogeography theory) are necessary to maintain an equilibrium in species richness. Given their goal, it was appropriate for them to use constant, per-species probabilities instead of constant community colonization and extinction rates. However, we see two reasons for caution in interpreting results from null models of the type used by Nichols et al.
First, the tests employed in conjunction with some null models are prone to high Type II error (i.e., failure to detect the influence of nonrandom processes when they are present; Toft and Shea 1983 , Kelt et al. 1995 , Gotelli 2000 . Previously, this has been shown to cause problems in the interpretation of this type of Markov Chain model for equilibria (Boecklen and Nocedal 1991) . To reemphasize this limitation, we used Monte Carlo methods to evaluate the Markov model of Nichols et al. (following Kelt et al. 1995) in the presence of nonrandom colonization, nonrandom extinction, and both nonrandom colonization and extinction ( Fig. 1 ; see Appendix A for detailed methodology). While power increases with the strength of either nonrandom colonization or extinction, it fails to reach acceptable levels. In addition, when both nonrandom colonization and extinction occur simultaneously, the power of the Nichols et al. null model decreases when nonrandomness increases.
Second, Nichols et al. constructed their null model assuming that probabilities of colonization and extinction do not differ among species. Although others have used this same assumption (e.g., MacArthur and Wilson 1967 , Boulinier et al. 2001 , it is well documented that species differ in their likelihood of colonization and extinction in ways that influence the form of the colonization and extinction curves that generate the observed equilibrium (MacArthur 1972). Therefore, an alternative form of the Nichols et al. null model might be S tþ1 ¼ S t þ R P i¼1 k i ð1 À IðiÞÞ À R P i¼1 e i IðiÞ; where k i and e i are the individual species probabilities of colonization and extinction, P is the total number of species in the pool, S t is the number of species present in the community at time t, and I(i) is a characteristic (or indicator) function that is equal to 1 if the species is present in the community and zero if the species is absent (e.g., Rosenzweig 1995) . This introduces the bowing in the colonization and extinction curves of island biogeography (MacArthur 1972 , Rosenzweig 1995 . We initially considered using a model of this form to supplement our random-walk analysis (i.e., to explicitly test what we had inferred from independent evidence). However, we felt that (1) the low power for this type of analysis would be even more problematic than that discussed for the Nichols et al. approach, and (2) the potential for ''smuggling'' important biology into this null model was too great given the fact that observed colonization and extinction rates are influenced directly by interspecific competition, thus introducing a deterministic component into this stochastic framework (Valone and Brown 1995; see also MacArthur and Wilson 1967 , Simberloff 1969 , MacArthur 1972 , Rosenzweig 1995 . Despite these species differences in likelihood of colonization and extinction, the alternative model we present here would likely yield results similar to those of the original null model used by Nichols et al. (J. Nichols, personal communication) .
Our concerns highlight the difficulty in drawing inferences from this sort of Markov model; however, we do not mean to imply that research objectives should be dictated by the feasibility of null models themselves. In general, it is difficult to separate the importance of deterministic (i.e., niche-based) from stochastic (i.e., neutral) processes in community assembly and, by itself, neither our null model nor that of Nichols et al. successfully accomplishes this task. Whether local equilibria arise because of neutral processes or are due to some other mechanism is an interesting and challenging question, and one that will benefit from a suite of complementary methods and analyses. Thus we 2006). Here, the parameter h indexes the probability that richness returns toward the long-term mean, given that it deviates from the long-term mean at a previous time step. Different symbols represent h applied to only the probability of colonization, only the probability of extinction, or both probabilities of colonization and extinction simultaneously. Note that for all three scenarios, power (i.e., 1 À b) is low and never rises above 0.5. strongly advocate for the combination of null models and independent evidence whenever possible.
Interspecific competition does drive colonizationextinction dynamics at Portal
Supporting evidence from 30 years of research on this desert rodent community led us to conclude that the observed equilibrium was due in large part to the effect of interspecific competition on colonization and extinction. First, long-term experimental evidence demonstrates that species composition of the local community alters the rates of colonization and extinction of other species in the pool. Valone and Brown (1995) showed that most small granivore species exhibited higher colonization rates, lower extinction rates, or both on plots where Dipodomys spp. had been excluded. While Valone and Brown (1995) made no claims as to the effects of richness per se upon local extinction and colonization, they did demonstrate that some granivore species affect the colonization success and extinction rates of other granivore species, highlighting the importance of competition in influencing local community assembly.
Second, long-term observational evidence at the site suggests that interspecific competition is a strong structuring force in our community. This can be seen in the dynamics of species composition and other community-level properties. Long-term increases in winter precipitation have resulted in directional change in the species composition of the rodent community at our site (Brown et al. 1997 , with species that were historically common declining and/or going extinct and species that were historically rare colonizing and/or increasing. Despite this significant change in species composition, species richness has remained remarkably constant. This is expected from nonrandom compensation among competing species, wherein niche differences lead to particular combinations of species that are favored under different environmental conditions (e.g., Brown 2001, Chase and Leibold 2003) . Null models that assume that species have equivalent and unchanging probabilities of colonization and extinction cannot generate the observed directional change in species composition through time, because the likelihood that a given species in the regional pool will be present in the local community is equal for all time steps in the simulation. In addition, many of the community-level properties exhibit temporal dynamics consistent with resource limitation at the site Brown 2001, White et al. 2004) , supporting the idea that competition within guilds is an important process in this community.
Finally, despite our reservations regarding its power and underlying assumptions, we implemented the Markov process model proposed by Nichols et al. to test for changes in per-species probabilities of colonization and extinction. While the simulated variation for the whole community (granivores, herbivores, and insectivores combined) did not differ from that generated by their Markov model, the dynamics of species richness of the granivore guild were significantly less variable than expected (Fig. 2) . Although lack of statistical significance is difficult to interpret given the low power and the assumptions of the null model of Nichols et al., the significant difference obtained for the granivores strongly supports the interpretation in our original paper, which was based in part on the fact that the community equilibrium seemed to be generated by an equilibrium in the granivore guild (Goheen et al. 2005) .
Clearly, the dynamics of species richness at our site cannot be explained solely by the null model of Nichols et al. Given this and the results mentioned in the previous paragraphs, our conclusion is only strengthened: the local equilibrium is maintained primarily through interspecific competition and niche complementarity within the granivore guild. (2006) , as applied to (A) only the granivorous rodents at Portal, and (B) the entire rodent community at Portal. Vertical black lines represent the observed CV for each group, which is less than expected for the granivore guild.
